centrifuged three times. Finally, lyophilization for 48 hours yielded a pure white powder.
Solubility of silk fibroin protein
Solubility was initially investigated to facilitate analysis of the fabrication process. Native silk fibroin protein displays limited solubility when extracted from silk fiber, owing to its secondary structural content. [3] But, with the increase of degumming time, the silk fibroin proteins display enhanced solubility ( Figure S1 ) due to the shorter protein chain length. In addition, the silk fibroin protein preliminary dissolution in salt solution, a process which 'activates' the fibroin. [4] Alcohols are known to follow a trend of protein solubilization: HFIP > trifluoroethanol (TFE) > isopropanol > ethanol > methanol, where the fluorinated alcohols HFIP and TFE are specifically known to enhance solubility thorough stabilization of the α-helical conformation. [5] Furthermore, the solubility of silk fibroin protein in non-aqueous solvents DMSO, N,N-dimethylacetamide (DMAc), and N,N-dimethylformamide (DMF) is negligible without the use of salts to disrupt hydrogen bonding. With the chemical conjugation described, the solubility characteristics of the silk fibroin protein varied significantly since the added groups present hydrophobic alkene and carbonyl groups at modified amino acids which were occupied via the conjugation reaction. Among the above organic solvents, HFIP was the only solvent to provide solubility and was thus used as a carrier for characterization as well as deposition of photoresists. Thus, HFIP was used as the primary carrier of the photoresist for incorporation into later photolithography steps. Figure S1 . Solubility measurement of silk fibroin proteins under 10, 30, 60, 90 minutes degumming time in different solvents including water, water with salts, TFE and DMSO.
Self-assembly of silk fibroin protein
Silk fibroin protein consists of several polypeptides, thus contributing to a variability in molecular weights ranging from a few tens to a few hundreds of kDa [6] . The protein is characterized by the presence of strongly polar side groups, such as hydroxyl, carboxyl, and amino groups. Silk fibroin protein molecules, thus, follow a diffusion-limited aggregation process (DLA) on surfaces to form nano-and macro-scale architectures with remarkable morphologies and mechanical properties. On drying, silk fibroin protein spontaneously forms branched patterns ( Figure S2 ) that are qualitatively and quantitatively similar to the fractal structures formed by a DLA [7] that has been observed in the assembly of a range of materials including colloids, polymer thin films [8] , peptides [9, 10] , and proteins [11] .
To prove that the formation of wrinkled patterns was attributed to the physical phenomenon but not the secondary structure change, the s-SNOM was employed to measure the absorbance and reflection spectrum of the silk film. According to the properties of s-SNOM, if the chromatic difference at 1,631 cm −1 (characteristic peak of the secondary structure corresponding to the beta sheet) exists along with the height on the surface, the form of wrinkled patterns is resulted from the secondary structure change. Figure S2 (c) indicates the AFM image, and the s-SNOM images of both absorbance and reflection spectrum on the surface of UV-silk30 pattern. No contrast difference in the absorbance and reflection images at 1,635 cm −1 was observed, which was attributed to the secondary structure at different regions on the surface were basically the same, and only physical phenomenon existed in the self-assembly procedure depending on properties such as particle size, dispersity and charge.
The underlying substrate is an important factor that may direct the nature of self-assembly of silk fibroin protein. We initially used silicon as the surface in which the surface was treated by IPA solvent. Due to the more hydrophobicity of silicon with the IPA treatment, the solutions tended to dry unevenly, resulting in aggregated clusters and the formation of a film in many cases ( Figure S2 ). We therefore used the substrate without the IPA treatment in the experiments. The relevant hydrophilic and atomically flat nature of the substrate permitted us to spread the solution and to dry it with smaller concentration gradients, yielding highresolution AFM images. In addition, the lyophilization process did not change the behavior of silk fibroin protein. 
Measurements of Resolution
The resolution characterization has been carried out using a Siemens Stars method which is widely used in imaging quality test of optical instruments, printers and displays and L-Fibroin from reference [12] .
Fourier transform infrared spectroscopy (FTIR)
Fourier transform infrared spectroscopy (FTIR) was employed on unmodified silk fibroin proteins film to confirm the presence of the methacrylate moiety. Cast films (5.0 mg) were analyzed in attenuated total reflectance (ATR) mode using a Ge ATR crystal, and data was collected between 4000 -1000 cm representing carbonyl ester C=O, and 1640 cm -1 , assigned to vinyl C=C (which confers photoreactivity), and an additional intense peak is present at 1160 cm -1 , resulting from CH 3 rocking vibrations [13] . Figure S6 (b) ). The secondary structural content of the polypeptide backbone remains relatively unchanged with the methacrylate bioconjugation reaction [14] . 
